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Abstract 
In order to improve the safety management level of construction site, a new kind of safety evaluation method using the combination of 
fuzzy mathematics and the entropy theory was put forward. According to the hierarchical analysis, the evaluation index system of the 
safety management was firstly established. Then, the safety inspection table for the site was designed. At last, the weights and 
membership of the second class indexes were calculated and the membership matrix of the first class indexes was generated by fuzzy 
evaluation method. At the same time, the weights of the first class indexes were calculated using the entropy theory. Aimed at the 
evaluation results, some corresponding measures for improving the safety management level of the construction site was put forward. The 
results show that the hybrid method, which can overcome the shortcomings of each single method, is feasible, practical and operational in 
construction site safety assessment. 
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1. Introduction 
The construction safety situation of our country is not optimistic, especially, with a large number of high, big, refined, 
sharp construction projects appearing, the challenges for the construction safety management were brought. More than one 
thousand employees are dead because of construction accident, causing more than ten billion Yuan of direct economic 
losses in China every year [1-2]. Making evaluation to the safety management level of construction operation is an 
important basis to improve the safety situation of construction site, and to enhance the safety management level of 
production and operation entities, as well as improving the safety production management efficiency and economic benefit, 
with important meanings to social stability and economic development.  
At present, the safety inspection table is usually used to the safety assessment in building construction site as a common 
method, and the quantitative evaluation method is the fuzzy comprehensive evaluation. Because of the complex 
environment of building construction site, the interaction of each system influence the order or disorder of the whole system 
directly, and correspondingly making management entropy increase or decrease. What’s more, subjective factors are still 
very strong by simple use of fuzzy evaluation method, which may not reveals the order or disorder state of the construction 
site very well [3-6]; At the same time, simple entropy theory in evaluation, can reduce certain subjectivity, but it needs a lot 
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of experts to check and to make normalization processing of evaluation data on the site, actually raising human, material 
cost, so that its maneuverability becomes very low. 
Above all, this paper, which is based on analytic hierarchy fuzzy comprehensive evaluation and introduces entropy 
theory model, will mix two models to apply to the construction safety assessment, so as to provide a new safety assessment 
method to the construction management. 
2. Fuzzy-entropy theory comprehensive evaluation model in construction site 
2.1. Fuzzy comprehensive evaluation model 
The safety inspection table is designed after building the evaluation index system for the construction sites, then, experts 
are invited to inspect all second class indexes. Accordingly, the second indexes membership matrix Rijk is obtained from 
the equation.  
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Where k = 1, 2,..., m, m is evaluation level, i is one class indexes number, and j is the second indexes number of 
corresponding first class index.  
An important degree comparison is made between every two second class indexes and the judgment matrix is built using 
1-9 scale method, then weight vector Wij , as well as membership matrix Rik of each second class index are got [7-8], 
namely:  
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Where "Ǆ" is the fuzzy operator.  
2.2. Weight calculation principle of the first class indexes based on entropy theory  
 The index weight is determined based on the entropy theory after membership data of the first class index are got 
through the fuzzy evaluation. The procedure is as follows:  
1) Calculation of information entropy Hi  
The information entropy is a measurement of system disorder degree, and information is a measurement of system order 
degree, the algebraic sum of them is zero. According to variation of each index, the weight of each index is calculated by 
information entropy [9-10]. The formula or equation for the calculation of the information entropy Hi is as follows:  
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2) Calculation of output entropy Ei  
When rik is equal, information entropy is maximum, that is Hmax= ln m , it is used to get output entropy Ei ,which is 
the measurement of the importance of Ci. The formula for the calculation of the output entropy Ei is as follows: 
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3) Calculation of difference degree Gi  
When the values of all membership rik are equal, the value of the maximum output entropy Ei is equal to 1, that is 
0≤Ei≤1. When the value of the output entropy is the maximum, the value of the factor’s contribution to the system 
assessment is the minimum, the weight of the Ci can be determined by the difference degree Gi:  
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4) Calculation of weight Wi  
1
i
i n
i
i
GW
G
 
 
¦
                                                                           (6) 
3. Application of the fuzzy-entropy theory comprehensive evaluation method to a certain construction site  
3.1. Establishment of evaluation index system  
The safety management evaluation index system is an important link to study the characteristics of construction industry, 
to convert the hidden safety factors from the qualitative indexes to the quantitative indexes, and to reflect the safety 
conditions and development rule more accurately. In order to understand the safety production situation fully, the system 
and hierarchical analysis to the risk factors was made combining with the safety evaluation purpose and process 
characteristics and present situation of the safety management, five evaluation units were confirmed: the safety production 
management system C1, the qualification, institutions and personnel management C2, the safety technology management 
C3, the equipment and facilities management C4, the construction safety goal management C5. The safety evaluation index 
system is shown in table 1.  
 
Table 1. Safety evaluation index system structure of construction site 
total index            1 class indexes                                                                            2 class indexes 
safety 
management 
overall level 
C 
safety production management system C1 
responsibility system C11 
capital ensure system C12 
education and training C13 
Inspection C14 
accident report and processing C15 
qualification, institutions and personnel management C2 
enterprise and employment qualification C21 
administrative organ requirements C22 
subcontractors and personnel qualification C23 
supply unit requirements C24 
safety technology management C3 
hazard control C31 
safety technical clarification C32 
construction organization design C33 
special safety technology solutions C34 
safety technology standards, norms and operation 
procedures C35 
equipment and facilities management C4 
safety equipment and process choosing C41 
equipment safety management C42 
safety facilities and protection C43 
construction safety target management C5 
content of safety target management C51 
target responsibility decomposition C52 
target responsibility evaluation method C53 
 
3.2. Determination of judgment set  
The value of each index, which is divided into 5 levels, is taken by using the fuzzy evaluation in a certain construction 
site.  
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V = {good, less good, general, less poor, poor} 
3.3. Determination of membership and weights of second class evaluation indexes  
Experts were invited to take the safety inspection by the second evaluation index content. According to the inspection 
table, membership of the second indexes were determined, then, the important degree comparison between every two 
indexes were made by 1-9 scale method to get the judgment matrix, and the weight of each second class index was 
calculated using the characteristic root method, finally, consistency examination to evaluation results of judgment matrix 
was taken. Membership and weights of the second indexes are shown in table 2.  
 
Table 2. Weight and membership summary of the second class index 
1 class index 2 class index weight level 
Ci Cij Wij good less good general less poor Poor 
 
 
C1 
C11 0.2935 0 0.5 0.5 0 0 
C12 0.1972 0 0 0.6 0.2 0.2 
C13 0.2935 0 0.4 0.4 0.2 0 
C14 0.1353 0 0.3333 0.6667 0 0 
C15 0.0805 0.2 0.2 0.4 0 0 
 
C2 
C21 0.4236 0.6667 0.3333 0 0 0 
C22 0.2270 0.3333 0.3333 0 0 0.3334 
C23 0.1224 0 0.6667 0.3333 0 0 
C24 0.2270 0 0 0 0.5 0.5 
 
 
C3 
C31 0.0801 0 0.5 0 0.5 0 
C32 0.2889 0.2857 0.2857 0.2857 0 0.1429 
C33 0.2889 0.3333 0 0.6667 0 0 
C34 0.2889 0.2 0.4 0 0.4 0 
C35 0.0532 0.5 0.5 0 0 0 
 
C4 
C41 0.1634 0.5 0 0 0.5 0 
C42 0.5396 0.1429 0.4287 0.1429 0.1429 0.1426 
C43 0.2970 0 0.5 0.5 0 0 
 
C5 
C51 0.3108 0.6667 0.3333 0 0 0 
C52 0.4934 0 0 1 0 0 
C53 0.1958 0 0 0 1 0 
 
3.4. Determination of first class indexes membership  
The first class index membership by fuzzy comprehensive evaluation is shown as table 3.  
 
Table 3. Safety level membership matrix of the first class index 
Ri good less good general less poor poor 
C1 0.0161 0.3254 0.5049 0.0981 0.0555 
C2 0.3581 0.2985 0.0408 0.1135 0.1534 
C3 0.2632 0.2648 0.2751 0.1557 0.0413 
C4 0.1589 0.3798 0.2256 0.1588 0.0769 
C5 0.2072 0.1036 0.4934 0.1958 0 
3.5. Determination of weights of first class index based on entropy theory  
The information entropy, output entropy, difference degree and weights of the first class index are determined by the 
entropy theory, which are shown in table 4.  
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Table 4. List of information entropy, output entropy, difference degree and weight of the first class index 
1 class index information entropy Hi output entropy Ei difference degree Gi weight Wi 
C1 1.1650 0.7239 0.2761 0.3433 
C2 1.3937 0.8660 0.1340 0.1666 
C3 1.4794 0.9192 0.0808 0.1005 
C4 1.4855 0.9230 0.0770 0.0957 
C5 1.2290 0.7636 0.2364 0.2939 
 
3.6. Safety management level evaluation  
The formula for the calculation of the vector A, which is used to evaluate the safety management level of the building 
construction site, is as follows:  
A = WR = (W1 W2 W3 W4 W5) T (R1 R2 R3 R4 R5) 
Where W is the first class index weight vector; R is the first class index membership matrix (see Table 3).  
A = (0.1678 0.2547 0.3743 0.1409 0.0563) 
4. Analysis of evaluation results  
1) According to the maximum membership degree principle, the value of this construction site safety management level 
is the "general". It illustrates that the construction site conditions meet the basic necessary for production safety, but there is 
a large space to improve the safety management level.  
2) The biggest influencing factor is the safety management system according to the weights of the first class indexes, so 
the construction enterprise should focus on the checking, education and training, accident reporting, and other aspects of the 
management in daily construction.  
3) From the second class indexes’ weights and membership to see, the corresponding measures are perfecting safety 
production responsibility system and safety education training system, making pre-job training and responsibility clear, 
summarizing and analyzing after a job in time; taking safety technology work implement, construction organization design 
and target responsibility decomposition earnestly, making sure that each construction personnel really masters construction 
safety technology, ensuring the construction procedure reasonable and orderly, allotting safety target segment to every 
responsible person in daily construction.  
5.Conclusions  
1) The first class indexes’ membership degree matrix, the weights and membership of the second class indexes were got 
by using the traditional fuzzy evaluation method, which made the safety evaluation turn from the "qualitative" to 
"quantitative" preliminarily.  
2) The subjective judgment was reduced in fuzzy evaluation process, and the weights calculation became more scientific 
and credible, by using the entropy theory to calculate the weights of the first class index. 
3) A new kind of safety evaluation method using the combination of fuzzy mathematics and the entropy theory was put 
forward, which can overcome the shortcomings of the single safety evaluation method, and make the process of safety 
evaluation more simple and the conclusions of safety evaluation more objective. 
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